Objective: The measurement of excess body hair is not straightforward. As the modified Ferriman-Gallwey (mFG) score is unsuitable for self-assessment and requires specialist training, a short, self-administered questionnaire to identify hirsutism was constructed and validated for large-scale application, particularly targeting population-based studies. Design: A validation study was conducted to assess a new hirsutism questionnaire. Methods: A total of 90 women aged 35-72 years who were enrolled in the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) were evaluated. A self-administered instrument containing four questions was designed to evaluate five body areas: upper lip, chin, chest, lower abdomen, and thighs with respect to the current distribution of body hair and that before 35 years of age. A score of 0-4 was attributed to each region based on drawings provided in the instrument. Test-retest reliability was evaluated by reformulating the initial questions. An independent medical examination was conducted to apply the gold standard, the mFG score. Results: The area under the receiver operating characteristic curve was 0.93 (95% CI: 0.87-0.99). A cut-off score of 5 showed the best balance between sensitivity (85%) and specificity (90%), with 88.9% accuracy. Spearman's correlation between current and past body hair score was calculated at 0.82 (PZ0.000), and showed a test-retest reliability of 0.49, with a trend toward similar answers regarding changes in the quantity of body hair over time, irrespective of how the questions were asked (PZ0.000). Conclusion: The accuracy and internal consistency of this self-administered questionnaire for the identification of hirsutism were good. Therefore, this questionnaire represents a useful tool for self-assessment of hirsutism in population-based studies. Clinical Study L Gabrielli and E M L Aquino Assessing hirsutism in population-based studies 172:4 European Journal of Endocrinology Clinical Study L Gabrielli and E M L Aquino Assessing hirsutism in population-based studies 172:4 a Student's t-test comparing !55 and R55 years. b Intervals between menstrual periods were considered regular when R25 and !35 days. c One year or more trying to achieve pregnancy without success. d Previous medical diagnosis of polycystic ovary syndrome. European Journal of Endocrinology Clinical Study L Gabrielli and E M L Aquino Assessing hirsutism in population-based studies 172:4 References 1 Cebeci F, Onsun N & Mert M. Insulin resistance in women with hirsutism.
Introduction
Hirsutism is a common clinical condition defined by excess terminal body hair in androgen-dependent areas of the female body (1, 2, 3). It may be present in polycystic ovary syndrome (PCOS), which is responsible for 60-85% of cases, in non-classical congenital adrenal hyperplasia (3-5%) and in idiopathic hirsutism (5-10%) (2, 3, 4, 5, 6) . Its occurrence is linked to an exaggerated androgenic effect that occurs through various mechanisms such as an increase in the production of ovarian or adrenal androgens (1), greater enzymatic activity in the pilosebaceous units (4, 7) , an increase in the proportion of free androgens (7) , and the use of exogenous hormones. Hirsutism is the most common manifestation of hyperandrogenism and the clinical criterion most commonly used to identify hyperandrogenic women (8) .
The measurement of excess body hair has been the subject of major controversies. For decades, investigators have tried to establish a method of quantifying body hair that would result in a more precise diagnosis of hirsutism and reduce the inter-observer variations found with the subjective methods that have been proposed. Described by David Ferriman and John Gallwey in 1961, the scoring system that bears their names was originally designed to evaluate the amount of body hair in eleven regions of the body (9) . Following revisions introduced 20 years later, the modified Ferriman-Gallwey (mFG) score is currently the method most commonly used to identify hirsutism (10) . It consists of observing the quantity and distribution of terminal hair in nine body areas including the upper lip, chin, chest, upper and lower abdomen, back, sacroiliac region, thighs, and arms. These areas are given a score ranging from 0 to 4 according to quantity and density, with higher scores being indicative of a greater amount of body hair (9) . The sum of these values is classified according to varying cut-off points, the most commonly used being between 6 and 8 points (11) . Owing to its ease of application and low cost, the mFG is widely accepted. Nevertheless, the fact that this method is difficult to self-administer and requires specialist training (12) renders its use in studies involving a great number of participants largely unfeasible.
Objective methods of quantifying body hair by counting or weighing have been investigated; however, they appear to be more useful in the therapeutic control of hirsutism and are not recommended for use in diagnosis or for baseline quantification (13) . The identification of ethnic differences constitutes another challenge. A study conducted in 915 Chinese women failed to identify hirsutism in any of the participants when the criteria used in Western countries were applied (14) . On the other hand, a population-based study carried out in Iran estimated a prevalence of hirsute women of 25.6% (15) . With such disparate populations insofar as hirsutism is concerned, it would appear relevant to develop methods of quantification that would take these differences into account and to evaluate these methods locally (8) .
Some androgenically sensitive areas are known to be more closely associated with hyperandrogenemia, hirsutism, and PCOS than others. The chin, submandibular region, upper lip, upper thighs, the midline of the abdomen, and the chest were identified as being the most sensitive areas (16) . The increase in body hair on the upper lip, the chin, and the lower abdomen proved to be better predictors of hirsutism (16, 17) . Unpublished data from a study conducted to determine the prevalence of PCOS (18) estimated that, of the nine areas investigated using the mFG score, only five were associated with a diagnosis of hirsutism and were predictive of the syndrome: the upper lip, chin, chest, lower abdomen, and thighs. Another study reported that, in body areas that are more sensitive to androgens, a strong correlation was found between the clinical evaluation and selfassessment of hirsutism (19) .
There are no validated methods for quantifying body hair in menopausal women. Nevertheless, the identification of hirsutism in these women might be important, first because not all women with PCOS are diagnosed before menopause. Furthermore, after a woman's reproductive years, various situations related to excess body hair may develop including hirsutism induced by obesity, ovarian hyperthecosis, and androgen-producing tumors (18, 20) . In addition, the clinical effects of hyperandrogenism alone or within the context of PCOS at this time of life may be related to atherogenesis, insulin resistance, breast cancer, or cardiovascular disease (21, 22, 23) .
Hirsutism is an important element in the identification of PCOS, which, in turn, has been strongly associated with the occurrence of obesity, diabetes mellitus, and cardiovascular disease. The pandemic of this triad has increased the interest of the scientific community in the subject of PCOS; however, adequate conditions must be created in order to conduct population-based studies.
The objective of this study was to construct and validate a simplified questionnaire to identify hirsutism that could be used in research studies, could be applied to large sample populations, and could be administered by the various means available, including the internet.
Materials and methods

Study design and population
This study was conducted in 90 consecutive women voluntarily participating at the baseline time point of a longitudinal study on adult health (The Brazilian Longitudinal Study of Adult Health (ELSA-Brasil)) (24) at the Federal University of Bahia's Research Center in Salvador, Bahia, Brazil.
A short instrument containing four questions was developed with the aim of enabling it to be administered by the participant herself, and was named Hirsuta (HST). It was based on the mFG score and was designed to evaluate the five body areas considered most sensitive to the circulating androgens associated with hirsutism and with a diagnosis of PCOS: i) upper lip; ii) chin and neck; iii) breasts and chest; iv) lower abdomen; and v) thighs. Drawings were elaborated to represent the different scores, ranging from 0 to 4 for each of the aforementioned regions in accordance with the description of the score and the drawings provided previously in various papers published on this subject (9, 10, 25) . The participants were asked to answer questions on the current status of their body hair as it would be if they had not used any hair removal methods. Although written explanations were added to each one of the drawings in case the participants required further help, it was believed that the drawings alone would provide sufficient information to allow them to answer the questions.
Two moments in time were taken into consideration when formulating the questions: the first referring to the current quantity and distribution of body hair and the second to body hair status before the participant reached 35 years of age. Information on hirsutism in the past was collected because it was assumed that modifications might occur in the quantitative pattern of body hair over time. As the participants in the ELSA-Brasil study were 35-74 years old at baseline, with a median of 51 years, it was decided to compare and analyze responses referring to two moments in the women's lives, based on the hypothesis that there could be a dependency relationship between these two variables. The lower age limit of 35 years was chosen because this was also one of the inclusion criteria for the ELSA-Brasil study, thus representing a moment in the past that was common to all the participants. This limit was also considered adequate because at this age the full effect of androgens on the hair follicles has been already present (9) . A third question was included with the intention of reformulating the previous ones, thus enabling test-retest reliability to be evaluated in the same instrument, avoiding the need to reapply the questionnaire. This approach not only avoided changes in answers due to a putative time interval between two applications of the same questionnaire, but also minimized time and resources. The final question referred to the use of permanent hair removal methods that could account for non-hormonal changes in body hair patterns over time.
Preliminary tests and a pilot study were conducted with participants of the ELSA-Brasil study under similar circumstances to those planned for the validation study.
The participants completed the questionnaire privately and were then examined clinically and independently by one single investigator with a vast experience in applying the mFG score, which was the gold standard for validating the answers to this short-form questionnaire.
Statistical analysis
Internal consistency reliability was analyzed using the test-retest method, with different formulations of the same question being presented within the instrument. Differences between current and past body hair scores that were obtained following objective questions, and their responses based on drawings, were compared with the more subjective third question, which asked the participant to compare their current and past body hair statuses. For this final question, the following possible answers were provided: 'much less hair', 'less hair', 'the same amount of hair', 'more hair', or 'much more hair'; these alternative answers being scored from 1 to 5. Spearman's rank correlation test and Cuzick's test for trend across ordered groups were applied to these values. To evaluate the reliability of the answers on body hair status in the past, Spearman's correlation was also used to compare the scores obtained for the current and past quantifications and Student's t-test for paired samples was used to compare means.
Linear regression estimated the proportion contributed by each area of the body to the variability in the overall score, when applying both the mFG and the HST. This was achieved by calculating R 2 , i.e., the square of the correlation between the score found in the test and that found with the gold standard. For the contribution of each area in the final diagnosis of hirsutism, R 2 was calculated within a logistic regression model.
For the validation study, sensitivity, specificity, and the percentage of correctly classified tests (accuracy) were calculated using the various cut-off points suggested by the receiver operating characteristic (ROC) curve. In addition, the area under the ROC curve was calculated, showing the overall performance of the test. To define the cut-off value to be selected for the new instrument, limits were estimated with a view to maximizing sensitivity and specificity. These analyses were performed using the cutoff points most commonly used in the mFG score (11) .
Bland-Altman plots were constructed to evaluate agreement between the short-form instrument proposed in this study and the gold standard, and between the HST scores for current and past body hair statuses. This method allows a graphic analysis to be performed, which evaluates differences and means in the measurements, establishing 95% limits of agreement (26, 27) .
The Stata software program, version 10.0 (StataCorp., College Station, TX, USA), was used throughout the statistical analysis.
Ethical aspects
This study was evaluated and approved by the internal review board of the Collective Health Institute, Federal University of Bahia. All subjects of this investigation signed an informed consent.
Results
The questionnaire was answered by 90 women aged 35-72 years (median: 50.5 years) and the participation refusal rate was 5.3%. Overall, 78.7% of the women described themselves as black-or brown-skinned. One-third of the participants had high school education or less, while 38.1% reported having undergone postgraduate training (Table 1) .
Mean scores, obtained by applying either the mFG or the HST questionnaire, did not vary significantly with age, race/skin color, schooling, number of pregnancies, menstrual pattern, history of infertility, prior diagnosis of PCOS, or menopause. Mean scores differed as a function of BMI, although the differences were only of borderline significance (PZ0.06 for the mFG and PZ0.05 for the HST; Table 1 ).
To analyze the performance of the test, the three most commonly used cut-off points for studies on hirsutism were applied (R6, R7 and R8). Analyses of the ROC curves showed that for both current and past body hair statuses evaluated according to the HST, the cut-off point of R5 points resulted in good accuracy, with very satisfactory sensitivity and specificity levels. The best performance of the HST questionnaire was found with an mFG cut-off point of R6, as shown by the area under the ROC curve for both moments in time ( Fig. 1) . In the simple linear regression analysis, four of the five body areas used in the test were found to be better predictors of the total mFG score, as the predictive capacity of the chest was below the expected value. The thighs, upper lip, and chin were found to be the areas that most contributed toward the overall HST score. In the simultaneous multiple linear regression analysis, all the areas in the HST taken together were able to predict the total mFG score in 97% of cases (Table 2) . When the chest was excluded from the analysis, calculation of the area under the ROC curve showed an overall performance of the test of 0.9364 and accuracy of 90%, higher than that of the proposed instrument with five body areas, despite the slight decrease in its ability to predict the total mFG score (adjusted R 2 Z93%).
Considering hirsutism identified by the mFG as the dependent variable of the regression model, for all the cutoff points studied, the five areas that most contributed toward predicting this diagnosis were, in decreasing order, the upper lip, thighs, chin, lower abdomen, and sacroiliac region. Yet again, it was found that four of the areas evaluated in the proposed test (HST) were among them. The three regions of the body that most contributed to hirsutism identified according to the HST score at cut-off points of R4 and R5 were, also in decreasing order, the upper lip, thighs, and lower abdomen, differing from the cut-off point of R6 in which this latter region was substituted by the chin (Table 2) .
When the HST scores for the two moments in time, the current score and that for the period before 35 years of age, were compared, a strong, positive Spearman's rank correlation coefficient was found (rZ0.82), which was statistically significant (PZ0.000), showing that as the current score changes, the score referring to the past also changes. This change was linear and in the same direction. The boxplot shows that both the current and the past scores are different when hirsute and non-hirsute women are compared, hirsutism being defined using the mFG at all the cut-off points evaluated, with paired t-tests indicating statistically significant differences in mean scores (Fig. 2) .
When the HST scores were considered in relation to the five corresponding areas scored according to the gold standard (mFG), they were found to remain strongly correlated (Spearman's rZ0.84, PZ0.000).
For the test-retest analysis, a new variable (M) was created to describe the changes perceived in the quantity of body hair throughout time, which represents the differences between the HST scores for current body hair status and that before 35 years of age. By correlating this difference (M) with the value attributed to the responses given for current status compared with that before 35 years of age, represented in the third question of the questionnaire, a positive, statistically significant Spearman's rank correlation was found (rZ0.49; PZ0.000). There was also a clearly positive trend toward greater perception of body hair as the difference between the scores at the two moments in time increased (PZ0.000). For the new variable, 'M', sensitivity was 95.2% (95% CI: 90.8-99.6%) and specificity 72.5% (95% CI: 63.2-81.7%) for the perception in change of the quantity of body hair over time, as elicited by the third question of the instrument.
Use of the Bland-Altman plot to evaluate agreement between the HST and the mFG revealed a mean difference between the two methods of 0.966 (95% CI: 0.612-1.321). Figure 1 General performance of the Hirsuta questionnaire (proposed test with five body areas) at the various cut-off points of the mFG score (gold standard) and analysis of the receiver operating characteristic (ROC) curves.
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Clinical Study L Gabrielli and E M L Aquino Assessing hirsutism in population-based studies Graphic analysis indicated that these values were strongly correlated (rZ0.84; PZ0.00) and concordant, as the difference was close to zero (Pitman's rZ0.12), hence not statistically significant (PZ0.28). Similar results were found in the agreement test between the HST scores for current and past body hair statuses. These measurements were also strongly correlated (rZ0.82; PZ0.00) and concordant, as Pitman's rZ0.06 is also close to zero and not statistically significant (PZ0.59). In this case, there was a mean difference of 0.61 (95% CI: 0.27-0.95), slightly over half a point (Fig. 3) .
The areas in which the amount of body hair most increased over time were the upper lip and the chin (27.8%), whereas a reduction occurred in the lower abdomen area (10%) and on the thighs (7.8%).
Discussion
The purpose of this paper is to present a short instrument for identifying hirsutism, which would be useful in scientific research, particularly in population-based studies. Compared with the gold standard, the sensitivity and specificity of this instrument were high at all the cut-off points evaluated. In addition, test-retest reliability was good, and the instrument was easily self-administered, showing that it is adaptable for use as an online research tool.
Based on the most commonly used scoring scale, the simplification of the test consisted of reducing the number of areas studied and its self-administration, which was made possible through the use of colored, self-explanatory drawings designed to facilitate understanding and make it easier for the respondent to select a score for each body region.
The performance of the test
The best evaluation of the validity of this instrument consisted of the combination of the cut-off points from the gold standard and the test: R6 and R5, respectively, Hirsuta questionnaire (HST) scores for current body hair status and that before age 35 between hirsute and non-hirsute women as defined by several cut-off points of the modified FG (mFG) score. resulting in sensitivity of 85% and specificity of 90%, with a positive predictive value of 70.8% and a negative predictive value of 95.5%. This cut-off point also resulted in the highest proportion of correctly classified tests and the best overall performance of the test. These indicators of validity were higher than those reported in a US study proposing a simplified test in which only one of the two body areas was rated: the chin or the lower abdomen (13, 28) . Additionally, the results obtained using the instrument presented in this study proved better than those reported in other recent studies in which simplified tests have also been proposed. One of those studies tested only three areas (29) , while another, which also evaluated three regions, used a cut-off point of R2 (8) . As this latter study was conducted exclusively with Chinese patients, in whom the prevalence of hirsutism is extremely low compared with women in other countries, application of this instrument will probably be restricted to that population (8, 15, 18, 30) .
The challenge of identifying parts that represent the whole
The heterogeneity of the distribution patterns of body hair involves a multiplicity of combinations of sensitive regions. Women may have excess body hair in one, two, or several of these areas, thus determining various phenotypes. This makes it necessary to include the examination of various body regions in scores designed to quantify hirsutism. In this study, five areas were used that have also been thoroughly evaluated in scores proposed by another two investigators, with the present findings being consistent with their reports (3, 31) . In this study, one important aspect is particularly noteworthy: of the five areas evaluated, four were found to be highly predictive of the total score (upper lip, chin, lower abdomen, and thighs), both with respect to the gold standard and to the instrument proposed in this study, whereas one (the chest) contributed only modestly to the overall score. These data are consistent with findings reported by other authors (32) . When only these four areas were considered, using the same cut-off point, the number of correctly classified tests was greater.
Marks from the past in the present
This questionnaire was tested in women aged 35-72 years, irrespective of hormone status. As a result, it was found necessary to include a question on the quantification of body hair before that age interval, a time at which body hair is at peak abundance (3, 17) . The answer to this question resulted in high correlation rates and predictive values with respect to current body hair, as verified using the gold standard. With this finding, it is reasonable to consider that body hair status in the present is not an independent variable and that, by quantifying current body hair, information may be obtained regarding body hair in the past. This information may be relevant for identifying women who were exposed to a hyperandrogenic state over a considerable period of time, with all the cardiometabolic consequences that may result from this hormonal environment (33, 34) . Data from this study confirm that, over time, facial hair increases in women, while on the thighs body hair decreases. This finding is consistent with the reports of other investigators who have stated that body hair growth, particularly facial hair, is highly dependent on age (9, 17) . It may be that, as with men, women may develop physiological or non-physiological androgen sensitivity over time, in a caudocephalic direction, with hair growth initially on the legs, thighs, and abdomen, continuing toward the face and terminating on the scalp, where androgenic action results in hair loss (4) . In relation to the findings reported in this study, some observations have to be made. By including a question on body hair status in the past, which, depending on the participant's age, may have been many years previously, the possibility of answers in the present instrument that cannot be verified using the gold standard is introduced. Mean HST scores (current and <35 years) r =0.84; P=0.000 r =0.82; P=0.000
Figure 3
Scatter plots and Bland-Altman plots between the Hirsuta questionnaire (HST) and the modified FG (mFG) scores, and between current HST score and that before age 35.
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An attempt was made to resolve this problem by evaluating the correlation between the gold standard and the current answers and these with responses regarding past status, with this latter correlation showing positive results. One study demonstrated that hirsute women tend to overestimate the amount of their body hair; however, this was not confirmed in this study (19) . It is important to emphasize that these findings refer to a population composed of university staff in Salvador, Brazil. The women evaluated had a particular ethnic profile compared with the other centers participating in the ELSA-Brasil study, with a greater proportion of black-and brown-skinned women in the sample (24) . Additionally, the women had a higher education level compared with the general population. Taken together, these are aspects that may have an impact on the prevalence of hyperandrogenic signs (18, 35) .
Self-administration: a desirable characteristic for large-scale use
The feasibility of self-administration, one of the principal objectives behind the development of this questionnaire, was confirmed by the strong correlation between the test and the gold standard, in addition to the agreement level between the two instruments, which was three times that described in the literature (12) . In relation to the score attributed by the women themselves and that attributed by clinicians, another study reported a correlation that was much lower than that found in this study, even when the areas most sensitive to androgens were taken into consideration (19) .
In the evaluation of agreement between the test and the gold standard, one aspect merits particular consideration. The difference between the two measurements may result from the fact that the mFG establishes an overall score by grading nine body areas, whereas the HST measures only five of these areas. It is reasonable to believe that two methods with different spectrums of possible measurements (mFG: 0-36; HST: 0-20) will result in different scores, and it is possible that the mFG score is higher than that obtained with the HST. The difference of 0.966 shown in this study represents approximately one point and appears to be acceptable for the purpose of differentiating between hirsute and non-hirsute women.
Conclusion
The HST represents an important contribution to scientific research, not only with respect to hirsutism, but also principally to PCOS, offering a mechanism of large-scale quantification of a variable that is very important to identify and much more challenging to obtain. There are advantages such as the fact that it can be self-administered, that it is appropriate for women both before and after menopause, and that it presents good validity. As hirsutism is one of the diagnostic criteria for PCOS, identifying it at more advanced ages may allow studies of its association with cardiovascular disease to be conducted in the age group in which this outcome is most common. Therefore, this instrument may contribute to an advance in the study of PCOS and its consequences, benefiting the significant percentage of women affected by this condition.
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